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論 文 内 容 要 旨 
ZrO2 has been variously applied such as glowers, electrolytes, oxygen sensors, buffer layers and high-k dielectric 
gates. The variety applications can be originated from different electrical and physical characteristics of ZrO2 which emerges 
from different crystal structures. In the ZrO2, there are three non-polar phase on ambient pressure at each different temperature: 
monoclinic (m-, P21/c, a = 0.515, b = 0.520, and c = 0.532 nm,  = 99.25o), tetragonal (t-, P42/nmc, a = 0.509, c = 0.518 nm), 
and cubic (c-, Fm-3m, a = 0.507 nm) phases are stable from room temperature to 1443 K, from 1443 to 2643 K, and from 
2643 to 2953 K, respectively. And there are two non-polar phase Pbca and Pnma which exhibit in 3.5-15 and over 15 GPa, 
respectively. Also, in 1989, polar metastable phase, Pbc21, (a = 0.507, b = 0.526, and c = 0.508 nm) has been reported by Kisi 
et al.
In 2011, that polar Pbc21 (polar o-) phase has been reported to origin of ferroelectricity in 10 nm-thick Si doped 
HfO2 thin film. That research has been received attention as a substitution material of Pb(Zr,Ti)O2 thin films which have 
problem of degradation of ferroelectricity below tens of nanometer thickness because of their eco-friendly and availability of 
scaling down. Hence, the research of ferroelectricity with respect to fluorite structure-type thin film has been extensively 
carried out HfO2-based thin films. However, the research of exhibition of ferroelectricity in ZrO2-based thin films has been 
poorly reported and crystallization behavior of the polar o-phase in ZrO2-based thin film has not been understand. Study of the 
formation of the polar o-phase in ZrO2-based thin films can expand the applications of ZrO2-based materials and help to 
understand the stabilization of the polar o-phase in ZrO2 as well as in terms of fluorite structure-type oxide thin films.
The aim of the present study is to obtain guiding principles for stabilization of the polar o-phase in ZrO2-based thin 
films. Also, in this thesis, we try to elucidate stabilization and crystallization behavior of the polar o-phase in the ZrO2-based 
thin films. The stabilization behavior of the polar o-phase is considered from viewpoints of thermodynamic factors by 
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examining dopant and strain effects. The crystallization behavior of the polar o-phase is examined from kinetic points of view 
with various annealing processes, including various annealing temperatures, times, and cooling rates. The evaluations of crystal 
structure are conducted by using 2- measurement, reciprocal space map, pole figure of XRD, diffraction pattern of TEM 
and high angle annual dark field-STEM. Also, ferroelectricity was measured by ferroelectric measurement (P-E loop) and 
oxidation state and concentration of dopant and Zr atoms were investigated with XPS. 
The examination in stabilization of the polar o-phase in ZrO2 thin films is carried out in terms of dopant and strain 
effects. To demonstrate dopant effects on the structure and dielectric properties, Fe, La, and Ce dopants are selected and 
deposited with various dopants concentration with 30 nm-thick on (100) YSZ single crystal substrate (cubic phase) due to 
imposing same strain effect on doped ZrO2 thin films. The undersized dopant ion, i.e., Fe3+ is more effective in the formation of 
the t-phase which can transform to polar o-phase than oversized dopants (La3+ and Ce4+) exhibiting a wide window for 
stabilization of the polar o-phase as a function of dopant concentration, 6-15 at% (0.06 < xFe < 0.14), and maximum Pr at 6 at% 
(xFe = 0.06). Furthermore, the oversized dopant are effect to stabilize the c-/t-phase with low dopant concentration. It is also 
suggested that the essential character for the formation or stabilization of the polar o-phase is not the difference of valence 
between Zr and dopant ions, which leads to the creation of oxygen vacancies but dopant ion size. Therefore, in terms of the 
thermodynamic factor, Fe dopant is effective on the stabilization of the polar o-phase.  
To  elucidate strain effects, the (100) CaF2 single crystal substrate is considered to exam strain from lattice 
mismatch and thermal expansion effect by comparing (100) YSZ single crystal substrate which are same fluorite structure-type 
substrate and that film thickness of each Fe and La doped ZrO2 film is adjusted from 5 to 120 nm. In the case of (100) CaF2 
substrate, the polar o-phase dose not observed and the c-/t-phase exists, indicating appropriate epitaxial strain can stabilize the 
polar o-phase. In thickness effect, the c-/t-phase is relatively stable at below 30 nm thickness and high Fe concentration (0.14 ≤ 
xFe). At xFe = 0.06, the polar o-phase can be stabilize in broad thickness range. For La dopant, the m-, o-, and c-/t-phases exist in 
a narrow window of La concentration and thickness. It is suggested that the Fe dopant is effective stabilizer to the polar o-phase 
and relatively independent on strain caused from increase of film thickness as deposited on (100) YSZ substrate. Because the 
polar o-phase can be stabilized by appropriately in-plane tensile strain with below 6% or epitaxial strain originated from (100) 
YSZ substrate.  
Also, to demonstrate effect of the Fe dopant on stabilization of the polar o-phase, the 30 nm-thick 
0.06FeO1.5-0.94ZrO2 thin film was deposited on (111)Pt/TiOx/SiO2/(100)Si substrate which exhibits no strain from substrate. 
By using the XRD 2- profile, wide range area reciprocal space mapping, pole figure pattern, and TEM measurement, the 
crystal structure and orientation of the 0.06FeO1.5-0.94ZrO2 thin film were investigated. The results indicate that the 
0.06FeO1.5-0.94ZrO2 thin film exhibits (001) textured structure on (111)Pt/TiOx/SiO2/(100)Si substrate. It suggests that the Fe 
doping can adjust crystal structure as well as orientation of the ZrO2 thin film. 
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YSZ substrate.  
Also, to demonstrate effect of the Fe dopant on stabilization of the polar o-phase, the 30 nm-thick 
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crystal structure and orientation of the 0.06FeO1.5-0.94ZrO2 thin film were investigated. The results indicate that the 
0.06FeO1.5-0.94ZrO2 thin film exhibits (001) textured structure on (111)Pt/TiOx/SiO2/(100)Si substrate. It suggests that the Fe 
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The crystallization behavior is observed as function of kinetic factors for 0.06FeO1.5-0.94ZrO2 thin film. The 
c-/t-phase preferentially nucleate and grow on interface between (100) YSZ substrate and film at 450oC, and then fully 
crystallized to the c-/t-phase during annealing. As cooling, transformation c-/t- the polar o-phase occurs approximately 
500oC, the remained c-/t-phase, which does not transformed to the o-phase, result in transformation into the m-phase. 
Consequently m- and o-phases co-exist in 0.06FeO1.5-0.94ZrO2 thin film. In addition, the stabilization and crystallization 
behaviors of the polar o-phase in 0.06FeO1.5-0.94ZrO2 thin film carry out particular condition which relates annealing 
temperatures, times, and cooling rates to transform of the polar o-phase from the c-/t-phase.  
In this thesis, stabilization of the polar o-phase were investigated by using various dopant such as Fe, La, and Ce; 
various substrate e.g. (100) YSZ, (100) CaF2, (111)Pt/TiOx/SiO2/(100)Si; variety film thickness from 5 to 120 nm. Also, 
crystallization behavior of the polar o-phase of Fe doped ZrO2 thin films were demonstrated by various annealing process. 
Comprehensively, the Fe dopant is effect on stabilization of the polar o-phase and as well as can control the orientation of the 
crystal structure on poly crystal substrate. Hence, this thesis contributes towards the establishment of the process of 
crystallization and stabilization of the polar o-phase for ZrO2-based thin film and availability of application as ferroelectric 
devices of Fe-ZrO2 thin film. 
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